The influences of estradiol on the prolactin (PRL) surges and on the secretion of gonadotropins (LH and FSH) were investigated in the pseudopregnancy (PSP) of acutely ovariectomized rats. The four following experimental groups were pre pared : 1) intact PSP as a control, 2) ovariectomy was performed on day 0 of PSP (OVX), 3) a Silastic tube containing estradiol was implanted for day 1-4 into the OVX rats (OVX-E 1-4), and 4) the Silastic tube was implanted for day 5-8 by the same manner into the OVX rats (OVX-E 5-8). In the OVX group nocturnal (N) PRL surges were observed at 0500 h on days 4, 8 and 12 examined, and increased secretions of LH and FSH were noted. In the OVX-E 1-4 group, the N PRL surge was suppressed on day 4, and the suppressed N PRL surge did not occur on day 8, after the removal of the implanted tubes. Diurnal (D) PRL surges with LH surges were observed at 1700 h on day 4 in these rats. Similarly, more remarkable results were obtained on days 8 and 12 in the OVX-E 5-8 group than in the OVX-E 1-4. It was concluded that : 1) PSP had the N PRL surges at least until day 12 without support of the ovary ; 2) the mechanisms for these PRL secretion have no relationship to the feedback mechanisms of gonadotropins ; 3) in acutely OVX PSP rats estradiol suppressed the N PRL surges in early and middle stages of PSP and the once suppr essed N PRL surge did not recover even after disappearance of estradiol ; and 4) estradiol stimulated the D PRL surge with LH surge, which was similar to the cycling rats.
The influences of estradiol on the prolactin (PRL) surges and on the secretion of gonadotropins (LH and FSH) were investigated in the pseudopregnancy (PSP) of acutely ovariectomized rats. The four following experimental groups were pre pared : 1) intact PSP as a control, 2) ovariectomy was performed on day 0 of PSP (OVX), 3) a Silastic tube containing estradiol was implanted for day 1-4 into the OVX rats (OVX-E 1-4), and 4) the Silastic tube was implanted for day 5-8 by the same manner into the OVX rats (OVX-E 5-8). In the OVX group nocturnal (N) PRL surges were observed at 0500 h on days 4, 8 and 12 examined, and increased secretions of LH and FSH were noted. In the OVX-E 1-4 group, the N PRL surge was suppressed on day 4, and the suppressed N PRL surge did not occur on day 8, after the removal of the implanted tubes. Diurnal (D) PRL surges with LH surges were observed at 1700 h on day 4 in these rats. Similarly, more remarkable results were obtained on days 8 and 12 in the OVX-E 5-8 group than in the OVX-E 1-4. It was concluded that : 1) PSP had the N PRL surges at least until day 12 without support of the ovary ; 2) the mechanisms for these PRL secretion have no relationship to the feedback mechanisms of gonadotropins ; 3) in acutely OVX PSP rats estradiol suppressed the N PRL surges in early and middle stages of PSP and the once suppr essed N PRL surge did not recover even after disappearance of estradiol ; and 4) estradiol stimulated the D PRL surge with LH surge, which was similar to the cycling rats.
During pseudopregnancy (PSP) induced by cervical stimulation, two surges of prolactin (PRL) are observed : the nocturnal (N) surge at dawn and the diurnal (D) surge in the eve ning [1, 3, 41 . PSP has functional corpora lutea with dominant progesterone secretion stimu lated with the PRL surges. The PRL surges is induced even in ovariectomized rats [5, 7 ] . Though the ovarian steroids are not required for initiation of the PRL surges, the steroids can modify the PRL surges [4, 17] . It has been thought that the N surge of PRL is essential for maintaining PSP and is stored in the hypo thalamus as memory for 6 days [4, 71. Gorospe and Freeman [10] have reported that at the end of PSP, estradiol plays an important role for terminating PSP in the condition of proge sterone to be decreased.
Generally, a reverse relationship is observ ed between the secretion of gonadotropins and PRL in reproductive phenomenon [2, 14] , such as PSP, pregnancy and lactation, where PRL is secreted dominantly, whereas luteinizing hormone (LH) and follicle stimulating hormone (FSH) remain a basale level [2, 19, 201 . In these stage PRL probably stimulates progesterone secretion from the copora lutea, and proges terone suppresses the secretions of LH and FSH through the hypothalamus and/or pituitary. Little is still known the detail relationships between the secretion of PRL and gonadotro pins during PSP. In this study the influences of estradiol on the N surge of PRL and the feed back mechanisms of LH and FSH were studied in acutely ovariectomized PSP rats. Fig. l and 2 as PSP and OVX groups. Plasma PRL levels were measured at 0500 h on days 4, 8, and 12. Those PRL both in the PSP and OVX groups were in higher levels, which were correspond to N PRL surge. PRL levels in the OVX were within range of 66.8-57.3 ng/ml throughout on the days examined. PRL levels at 0500 h on days 4 and 8 in the PSP were significantly higher (p< 0.01) than those in the OVX. However, there was no significant difference on day 12 bet ween the PSP and OVX groups.
Effect of estradiol implant for day 1-4 on N PRL surges of days 4 and 8 in OVX PSP rats : Those PRL levels are shown in Fig. l a~ OVX-E 1-4 group and compared with the PSP and OVX groups. PRL levels in the OVX-E 1-4 were significantly lower than those in the OVX both on day 4 (p <0.05) and day 8 (p< 0.01).
Effect of estradiol implant for day 5-8 on N PRL surges of days 8 and 12 in OVX PSP rats : Those PRL levels are shown in Fig. 2 as OVX-E 5-8 group and compared with the PSP and OVX groups. PRL levels in the OVX E 5-8 are significantly lower than those in OVX both on days 8 and 12 (p<0.01).
LH secretion in PSP, OVX, OVX -E 1-4, and OVX-E 5-8 groups : These changes of LE secretion are shown in Fig. 3 . In the PSP grout LH levels decreased gradually from day 4 until day 12. On the other hand, a linear incease of LH levels was observed from day 4 to day 16 it the OVX group progressively. Both in OVX-F 1-4 and OVX-E 5-8 groups, on the days wits or without estradiol tube, LH levels were signi ficantly lower than in the OVX group. TherE was a incresing tendency of LH levels after the The data at 0500 h on PRL were cited from Fig. 1 and 2 . Five or 6 rats per group were used. There are signi ficant differences (p<0.01) between at 0500 and 1700 h both on PRL and LH values.
removal of the tube, although the LH levels were lower than in the OVX.
FSH secretion in PSP, OVX, OVX-E 1-4, and OVX-E 5-8 groups : These changes of FSH secretion are shown in Fig. 4 , FSH levels were remained low in the PSP sroup. In the OVX group, FSH levels were increased sharply on day 4 and then increased from day 4 to day 16 gradually. Both in the OVX-E 1-4 and OVX-E 5-8 groups, FSH levels decreased significant ly (p<0.01) on the days having the estradiol tube compared with the OVX, and then rapidly reached to the levels of the OVX after the removal of the tube.
Effects of estradiol on PRL and LH secre tion in OVX PSP rats : Figure 5 shows PRL and LH levels at 0500 and 1700 h on days 4 and 8 in OVX-E 1-4 and OVX-E 5-8 groups. Both in the OVX-E 1-4 and OVX-E 5-8 groups, PRL levels increased significantly at 1700 h than at 0500 h (p<0.01) . There was no difference of increased levels of PRL at 1700 h between days 4 and 8. LH levels on days 4 and 8 were also significantly higher at 1700 h than at 0500 h in both groups of OVX-E 1-4 and OVX-E 5-8. The increased LH levels at 1700 h were significantly higher in the OVX-E 5-8 than in the OVX- E 1-4 (p<0.01) .
Discussion
The results of this study have noted in acutely OVX PSP that 1) stimulation twice of the uterine cervix induces N PRL surges at least for 12 days, 2) there was an increased secretion of LH and FSH, 3) estradiol has a significant role in termination or attenuation of PRL surges even in early and middle phases of PSP, 4) the once terminated or attenuated N PRL surge by estradiol did not recover even after the removal of the implanted estradiol, 5) and estradiol stimulates D PRL surges with LH surges. These results implies that estradiol acts as a factor to affect the memories for PRL surges retaining in the brain [3] . Further more, there was also a negative action of est radiol on LH and FSH secretion and a positive action of estradiol on LH and PRL secretion corresponding to the day of proestrus of the estrous cycle [17] .
Freeman and Sterman [7] have shown that a 6 day period of N PRL surges is induced by stimulation one time of the uterine cervix. However, this present investigation indicated that a 12 day period of N PRL surges, equiva lent to that of a normal PSP, is induced by stimulation twice. These differences may be attributed to the varying sensitivities of chro nic and acutely OVX rats for retention of the cervical stimulus. Further, the prolonged PRL secretory response of the present study may be a direct reflection of the intensity of the stimulus, since the uterine cervices of thf serats were stimulated twice whereas those of the earlier studies were stimulated once mecha nically by means of a glass rod. This latter procedure is probably less intensive to inducE for 12 days of N PRL surges in OVX rats. The long remained N surge of PRL in acutely OVx rats in this study coincided with the finding; of Gorospe and Freeman [11] that D and l\ surges of PRL were present at least on day 1 4 of PSP in long term OVX PSP rats by elect rical stimulation of the uterine cervix.
In addition, stimulation twice of the cer vix, at the evening of the proestrus and the morning of the estrus, brings N PRL surges for a duration comparable to that of normal PSP. It is believed that the stimulation at the morning of the estrus is more important than that of the evening of the proestrus to induce PRL surges for 12 days [11] . The lasting noc turnal PRL surges until day 12 in intact PSP rats, obtained in this study, have shown the in dependence of the secretion of PRL from that of gonadotropins, because an increased secretion of LH and FSH was observed during this period of PSP. Namely, the results obtained in this study show clearly that N surges of PRL was retained at least until day 12 of PSP and gonadotropin secretion did rise in these acutely OVX PSP rats.
Earlier reports have indicated that ova rian steroids affect PRL surges of PSP [15] and estradiol attenuates N PRL surges in the period of late phase of PSP [10] , and has an important role for its termination. Smith and Neill [18] have reported that the ovaries are not required for normally timed N and D surges of PRL secretion during PSP, although the magnitude of each surge is less in ovari ectomizad than in intact PSP rats [4, 18] . The observations of the present study also suggest a significant role of estradiol in attenuation or termination of N PRL surges of the early and middle phases of OVX PSP. Moreover, it is exciting that once attenuated N PRL surges do not recover after the removal of estradiol. It is suggested from the present study that estradiol implant for 4 days affects the memo ries for N PRL surges, abolishing the recovery of the N PRL surges.
The fact that PRL surges are induced in chronic OVX rats [6, 8, 12, 13, 16] has predicted that hypersecretion of LB and FSH does not interfere with the secretion of PRL surges by cervical stimulation. This implies that there is no direct interrelationships between PRL and gonadotropins during PSP.
Further, there was a negative feedback action of estradiol on LB and FSH secretion in acutely OVX PSP rats when a estradiol tube was implanted.
In addition to the negative feedback action of estradiol, there was a posi tive feedback action of estradiol on PRL and LH secretion at 1700 h in early and middle of acutely OVX PSP rats, as well as in chroni cally OVX rats [21. The response to estradiol, however, was more sensitive in the middle phase than in the early phase of PSP. This may mean that hormonal condition affects a feedback actin of estradiol on LB and PRL secretions. In conclusion, the present findings indicate that PRL and gonadotropic hormones (LB and FSH) are regulated independently in acutely OVX PSP.
